ABSTRACT One of the biggest challenges for the animal feed industry in the coming years will be to meet the growing demand in animal protein in light of increased cost of feed ingredient as well as tougher restrictions on the use of antimicrobial growth promoters imposed by consumers and governments. A key focus area will be to maximise feed efficiency and minimise nutrient waste. It has been widely acknowledged that the composition of the intestinal microflora is closely related to intestinal health and performance of animals. Advanced microbial techniques have shown a close relationship between bacterial communities and their ability to modulate nutrient absorption and processing. In addition it has been recognised that modulating the immune response has significant impact on overall health as well as overall nutrient demand. Molecular techniques are a useful tool to gain an understanding of the impact of dietary interventions including the use of functional feed additives on specific changes in microbial communities or the immune system. Most these techniques however focus on the evaluation of large changes in bacterial compositions and often underestimate or neglect to recognise small changes in microbial diversity or behaviour changes without any measurable immune response. The key to understanding the relationship between specific nutritional intervention and the impact on health and performance lies in a deeper understanding of the impact of these nutrients on the expression of specific genes or specific metabolic pathways. The development of molecular tools as a result of developments in the field of Nutrigenomics has enabled researchers to study the effects of specific nutrients on the whole genome or in other words, the effect of thousands of genes simultaneously, and has opened a completely different avenue for nutritional research.
INTRODUCTION
In October 1999, the world population reached 6 billion people and is expected to rise to 10 billion within the next 25 years (United Nation, 2011). The key question facing the world is how to provide enough food for such a rapidly growing population?
Forecast analysis has shown that the economic recovery and growth particularly in Asia will increase the demand for animal protein (meat, egg and milk) by more than 25% by 2020 (Speedy, 2003) . Despite severe climate events in major grain growing areas, it has been reported that genetic improvement and an increase in the area of grain production led to record harvest in recent years. In order to fill the growing demand for food and animal protein maximising the amount of animal protein derived from our cereal is becoming a crucial issue.
The biggest increase in animal protein will be in poultry meat and eggs (Roppa, 2007) . Despite the fact that poultry is already a very efficient converter of cereal to animal protein, it will be essential to maximize feed efficiency and minimize waste in this area. Poor intestinal health significantly reduces weight gain but also significantly increases feed conversion ratio (van der Klis, 2010) . Considering the increasing demand for feed for intensive animal production even a small reduction in FCR will have significant implications on the overall availability of feedstuff for animal production and subsequently the cost of feed. Traditionally, the poultry industry has been using in-feed antibiotics (AGPs) to increase performance and feed efficiency. Despite the widespread use of AGPs and the general acknowledgment that AGPs have a positive impact on growth performance, its actual mode of action is still poorly understood. The most common argument related to the mode of action of AGPs is the impact these compounds have on the intestinal microflora. However the low inclusion level of growth promoting antibiotics, different classes of AGPs with varying spectra, and the significant changes in the microflora during growth and development challenges the theory of a direct antimicrobial effect of AGPs (Lu et al., 2008; Niewold, 2007) .
It is reasonable to expect that the increased pressure by consumer groups, supermarkets, the media and governments will see a reduction or even a ban on the use of AGPs. As a result, the industry will be faced with the challenge to find alternate tools to maintain intestinal health, intestinal integrity and the tools with which to maximise nutrient utilisation.
ROLE OF MICROFLORA
The composition of the intestinal microflora is closely related to intestinal health. A healthy ecosystem prevents the proliferation bacteria and reduces nutrients for these pathogens or even directly represses the growth of pathogens through the production of bacteriocins (Neish, 2002) . (Hooper et al., 2001 ).
Understanding bacterial changes in the intestine are essential when evaluating specific additives. It is commonly accepted that the use of AGP increases feed efficiency, although the mechanisms are not fully understood. Numerous studies reported a reduction in the diversity of lactobacilli, in particular the abundance of Lactobacillus salivarius, which reduces the presence of bacterial bile salt hydrolase in the intestine and increase lipid digestion and fat absorption (Engberg et al., 2000; Guban et al., 2006; Kim et al., 2011) . On the other hand, it is reported that the addition of pre and probiotics increases the diversity of lactobacilli in the ileum and reduces the prevalence of C. perfringens (Chee et al., 2010a; Kim et al., 2011) . This apparent contradiction gives support to a hypothesis postulated by Lyte (2010) . The author argues that the microbial community in the intestine constitutes an organ, rather than individual bacterial species, therefore bacteria in the intestine respond directly to signals from other organs as well as influencing the function of other organs in order to maintain homeostasis.
MODULATING IMMUNITY AND EFFECT ON MUCIN DYNAMICS
The homeostasis in microbial composition as well as susceptibility to disease is associated with the development of innate as well as acquired immunity. Modulation of both the innate (non-specific) and acquired (specific) immunity will increase the animal's ability to defend against a wide range of antigens.
The immune system comprises of physical barriers (skin or mucosal membrane), effector molecules (e.g., lipopolysaccha- A number of studies have shown that functional feed additives significantly influence mucin dynamics (Chee, 2009; Smirnov et al., 2005; Uni, 2007; Uni and Smirnov, 2006) . These studies concluded that functional feed additives (probiotic or non-fermentable prebiotic -eg. MOS) influenced MUC2 mRNA expression thereby suggesting that mucin dynamics are influenced at transcriptional levels. It is interesting to note that Chee et al. (2010b) reported, that fluctuating dietary threonine levels had no impact on MUC2 mRNA expression, although as expected, in threonine deficient diets the thickness of the mucous layer was significantly reduced.
The composition of mucin represents potential binding sites for both commensal as well as pathogenic organism. More mature mucins are mainly acidic highly sulphated mucins which are less susceptible to bacterial proteases (Montagne et al., 2004) . Reduced mucous thickness, immature composition and excessive physical erosion and dietary factors expose enterocytes to pathogens leading to the activation of pro-inflammatory effector genes (Neish, 2002) . Lee et al., (2011) showed that feeding probiotic (Bacillus subtilis) to broiler chicks increases pro-inflammatory responses such as enhanced phagocyte activity and increased nitric oxide production of macrophages. The stimulation of an innate immune response in the first 3 weeks of age enhanced the ability to control potential pathogens. In contrast, Singboottra et al. (2006) reported that inflammatory cytokine production in abdominal exudates cells from broilers exposed to yeast mannan was significantly decreased hence energy and nutrients were directed towards broiler growth rather than towards excessive immune reaction. Nutrigenomics is the science which studies the relationship between nutrition, and the specific effects of nutritional additives on the response of genes. However, it is important to note that it is not always possible to directly correlate an (Moody, 2001 ).
Early steps in this direction have been presented by Xiao et al. (2010) . This study looked at the molecular mechanisms comparison of two fractions from the yeast cell wall. The study found that yeast cell wall fractions alter the expression of over 1,500 genes in the jejunum of broilers compared to an unsupplemented control. In particular it was shown that genes related to pathogen defences were significantly induced whereas the expression of genes related to the inflammatory response were decreased. Although it is still in its infancy, the use of pathway analysis will provide a much greater insight into the effect of feed additives to maintain intestinal health and integrity.
CONCLUSIONS
One of the biggest challenges facing the poultry industry is the minimisation of waste of valuable nutrients as a result of damage to the intestine. Advances in the understanding of dietary interventions on disease resistance and production efficiencies as a result of developments in the field of Nutrigenomics will give scientists and producers a more precise tool to differentiate and identify strategies to maximize animal performance.
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